the validity of hepatic test results obtained from refrigerated blood or serum arose in connection with a blood donor screening program.
concernng the validity of hepatic test results obtained from refrigerated blood or serum arose in connection with a blood donor screening program.
As a part of this program, hepatic tests were applied to every donor reporting to the donation station for the purpose of excluding those carriers of viral hepatitis or others suffering from subclinical illnesses associated with disturbances in metabolism that cause abnormal response to such tests. Ordinarily these tests are applied to freshly collected blood serum; however, this was not feasible under the circumstances.
Therefore, experiments were planned to show (a) whether refrigeration of serum caused changes that significantly altered test results, and (b) whether leaving serum in contact with cells overnight changed its behavior.
Friedman reported that the zinc sulfate turbidities were lowered after refrigeration of sera (12). However, we have not found other reports on the effect of storage of serum or blood on hepatic tests.
METHODS
The tests evaluated included thymol turbidity (1, 8) , using reagents buffered at pH 7.80 and pH 7.55, cephalin-cholesterol flocculation (2, 3), zinc sulfate turbidity (4), phenol turbidity (5), and prompt-react- 
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ing (1 minute) and total serum bilirubin (6, 7). All measurements were done in duplicate.
Sera and reagents used for these procedures were maintained at 25#{176} in all experiments subsequent to the first series (9) .
RESULTS
THYMOL AND ZINC TURBIDITIES
Sera separated within 2 hours from the bloods of a group of blood donors selected at random (Series 1), and from hospitalized patients (Series 2), were tested both before and after overnight refrigeration. Some of the hospitalized patients had disturbances of liver function. Thymol and zinc turbidities tended to be lower following refrigeration of sera ( Table 1 , Series 1 and 2). Differences between the means were significant.
Calculation of t (13) for the thymol data of Series 2 gave 6.49 (p<O.OO1), and for the zinc turbidity, 3.33 (p<O.Ol).
The difference in zinc turbidity in Series 1 was even larger. The tendency toward lower thymol test values occurred both at pH 7.55 and pH 7.80. Refrigeration prolonged for 120 hours caused a further decrease in both thymol and zinc turbidities.
A frequency distribution of the data (Table 2) shows that about half of the zinc turbidity and two-thirds of the thymol turbidity measurements changed less than 0.4 units. Only I of the 60 thymol turbidity readings and 9 of 80 zinc turbidity readings changed by as much as one unit. Nevertheless, changes in the latter were sufficiently large and frequent to suggest that other methods for processing and storing sera should be investigated.
For this reason, in a third series the sera of 27 blood donors, some with evidence of abnormal liver function, were allowed to remain in contact with the clot in the refrigerator overnight. Comparisons of sera so treated and the original fresh sera (Table 1, Series 3) showed that minimal changes had occurred.
The small differences in thymol and zinc turbidlities were not statistically significant. It was then observed that certain sera selected at random from among those reaching the laboratory from hospital patients showed smaller changes after refrigeration than expected on the basis of the experience in the first two series. These specimens differed from those previously studied in that many had been protected against uptake of oxygen and loss of carbon dioxide, by the use of mineral oil. The behavior of these "true" as contrasted to "separated" sera was studied by processing the serum anaerobically and storing under mineral oil in the refrigerator.
The results are grouped as Series 4.
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Sera handled in this way not only failed to show the lowered zinc turbidity described above, but actually gave higher turbidity readings after 18 hours refrigeration.
The rise in zinc turbidity was highly significant (t = 3.81, p <0.001).
The thymol turbidity readings were not significantly altered. Thymol and cephalin-cholesterol flocculations were unaffected by refrigeration or mineral oil.
PHENOL TURBIDITY
A marked increase of nearly 50 per cent in phenol turbidity occurred in sera permitted to stand loosely stoppered overnight in the refrigerator.
A rise of comparable size occurred in sera handled anaerobically, which excludes change in pH as a factor. However, when serum was allowed to remain in contact with the cells refrigerated overnight only a trivial fall in phenol turbidity occurred.
Although significant (t = 2.11, p <0.05) it was unimportant in that interpretation of the results was not altered. In addition, a record of serum lactescence, due to elevated lipid content of serum (10), was kept in Series 3. Fifty-two per cent of the sera in this group showed a fall in lactescence by visual estimation as a result of storage.
BILIRUBIN
A tendency toward lower values following refrigeration overnight is evident. However in Series 1 and 2, this was not statistically significant. In Series 4, in which blood was collected anaerobically, the fall in total biirubin exceeded that to be expected by chance (t 3.54, p <0.01). A similar trend in the "1-minute" reading was not significant. DISCUSSION
The markedly altered behavior of separated serum as compared with that remaining in contact with cells during the storage period probably involves several factors. Important among these is the loss of CO2 which, in some way, brings about the decrease in reactivity that is the predominant difference between fresh and stored sera. The role of CO2 in the zinc turbidity test is discussed in a separate paper (11) . The small but significant rise in zinc turbidity of sera that have been stored under oil remains unexplained.
No evidence has been obtained for believing that a serum-mineral oil combination alters the photometric measurements. Moreover, the progressive nature of the change in sera which have not had contact with mineral oil excludes this possibility. Insignificant changes in the thymol and zinc turbidity measurements occurred when clotted blood was refrigerated without removal of the serum. In these circumstances, losses of CO2 were minimal. Strikingly higher phenol turbidity values were noted after refrigeration both with "separated"
and "true" sera, the latter collected under mineral oil. A change in the physical or chemical state of the lipid, possibly due to the action of enzymes attacking lipoproteins, seems possible.
However, when sera were refrigerated in contact with the clot, the phenol turbidities were virtually unchanged. The slight, although statistically significant, decrease noted in sera so treated is too small to affect interpretation of phenol turbidity measurements. SUMMARY Decreased thymol and zinc sulfate turbidity values often were observed after separated serum was refrigerated overnight.
In some instances the changes were sufficient to affect appreciably the significance of the results. Phenol turbidity tended to increase considerably after refrigeration.
Changes in thymol, zinc, and phenol turbidities were largely prevented by allowing serum to remain in contact with the clot during storage.
The use of anaerobic technic in the collection and storage of serum also prevented changes in the thymol turbidity measurements and, to a lesser extent, in the zinc turbidity.
However, a large change in phenol turbidity persisted under these conditions.
The changes in zinc turbidity were related to the CO2 content of the sera being tested.
Serum biirubin concentration tended to decrease slightly during storage.
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